Background: Road traffic injuries (RTIs) are a substantial cause of mortality and disability globally. There is little published information regarding healthcare resource utilization following RTIs, especially in low and middle-income countries (LMICs). The aim of this study was to assess total hospital charges and length of stay (LOS) associated with RTIs in Iran and to explore the association with patients' socio-demographic characteristics, insurance status and injury-related factors (e.g. type of road users and safety equipment). Method: The study was based on the Iranian National Trauma Registry Database (INTRD), which includes data from 14 general hospitals in eight major cities in Iran, for the years 2000 to 2004. 8,356 patients with RTI admitted to the hospitals were included in the current study. The variables extracted for the analysis included total hospital charges and length of stay, age, gender, socio-economic and insurance status, injury characteristics, medical outcome and use of safety equipment among the patients. Univariable analysis using non-parametric methods and multivariable regression analysis were performed to identify the factors associated with total hospital charges and LOS. Results: The mean hospital charges for the patients were 1,115,819 IRR (SD=1,831,647 IRR, US$128 ± US$210). The mean LOS for the patients was 6.8 (SD =8 days). Older age, being a bicycle rider, higher injury severity and longer LOS were associated with higher hospital charges. Longer LOS was associated with being male, having lower education level, having a medical insurance, being pedestrian or motorcyclist, being a blue-collar worker and having more severe injuries. The reported use of safety equipment was very low and did not have significant effect on the hospital charges and LOS. Conclusion: The study demonstrated that the hospital charges and LOS associated with RTI varied by age, gender, socio-economic status, insurance status, injury characteristics and health outcomes of the patients. The results of the study provide information that can be of importance in the planning and design of road traffic injury control strategies.
Background
Road traffic injuries (RTIs) are a major cause of morbidity and mortality globally, with a disproportionate number occurring in low and middle-income countries (LMICs) [1] . Apart from the human suffering, RTIs are also responsible for economic losses of approximately 1-1.5% of the annual gross national product (GNP) in LMICs [1] .
Iran has one of the highest RTI death rates in the world [2, 3] . RTIs are considered to be the second cause of mortality in the country, after cardiovascular diseases [2] . RTIs pose a significant burden on the health care sector as almost 0.8 million people (1.1% of population) seek hospital care as a result of RTI annually [2] . Moreover, since traffic-related mortality and morbidity in Iran occur most commonly among young adults, the impact of RTIs (permanent disability and premature death) is huge both in terms of human suffering and economic consequences for families and for the society [2, 4] . RTIs constitute the leading burden of disease in the country, with the highest number of Disability-Adjusted Life Years (DALYs) accrued for the population [2, 4] . The annual cost of road traffic crashes in Iran is estimated to be approximately US$ 2 billion (about 2% of GNP) [4, 5] .
The costs and resource burden of traumas have been documented in high-income countries (HICs) [6] [7] [8] [9] [10] , but few studies have been published from LMICs [11, 12] , particularly in relation to RTIs. In Iran, where information on the outcomes of RTI has been well documented in previous studies [13] [14] [15] , there is little data reported on trauma care costs and resource utilization of RTIs. In particular, there are no published analyses of factors affecting resource utilization by RTI victims. Such information is valuable for policy makers in Iran and in other LMICs with similar context in order to prioritize injury prevention and trauma care interventions.
Previous studies in HICs, have identified factors such as age, gender, injury severity, hospital mortality, insurance type and hospital location as predictors of hospital charges and length of stay for injuries [6] [7] [8] [9] [10] . Studies have also shown that the use of safety equipment (helmet and seat-belt) improves medical outcomes and reduces health care resource utilization [16] [17] [18] [19] .
The current study aimed to assess hospital charges and LOS associated with RTIs in Iran and to explore the relationship with socio-demographic characteristics, insurance status and injury-related factors (e.g. type of road users and safety equipment) of the patients.
Method
Setting Iran, a low-middle income country, is located in the Eastern Mediterranean Region and covers 1,648,000 sq km [20] . The country has over 70 million inhabitants, of whom 69% live in urban areas [21] . Vehicle ownership is significantly higher in Iran than in other countries with similar income levels [2] . Based on estimates from the 2006 Census, Iran had almost six million cars and over five million motorized two-wheeler vehicles [2] . With the growing pattern of urbanization and motorization during the past few years, there has been a rapid increase in traffic-related injury mortality and morbidity [3] . The RTI rate nearly quadrupled in just eight years, from 109.7 to 400.6 per 100 000 population between 1997 and 2005 [3] . Such rapid increase in RTIs has imposed great pressures on the health sector, insurance companies and patients and their families [4] . At the time of conducting this study, medical charges of RTI victims were covered for those with medical insurance of any kind (except for pre-hospital care provided by Emergency Medical Service or EMS, which was free of charge for all patients). The four major public insurance systems in Iran are; a) The Medical Service Insurance Organization; provides coverage for around 40% of population mainly government employees, rural households, the self-employed, and others such as students. It is largely financed through general tax revenues. b) The Social Security Organization; provides a range of benefits such as pensions, unemployment benefit, disability benefit and health insurance for around 30% of population, mainly workers in the non-governmental sector including self-employed and voluntary contributors, and contractual workers from the public sector. It is funded by a payroll tax shared by employer and employee and provides health services to its members either directly through its own hospitals and health centres or indirectly via contracts with other providers. c) The Armed Forces Medical Services Organization; covers about 5% of population included the members of the army, police and other armed forces and their dependents. It provides services mostly through contracting directly through its own facilities or via contracts with other providers. d) The Imam Khomeini Relief Committee; covers around 8% of population who cannot afford to pay for insurance. It is financed by charity and the government and provides services through contracts with different providers [22] [23] [24] [25] . In addition there are other small semipublic companies which mainly provide complementary insurance policies, covering almost 5% of the middleclass population [23] . According to a newly approved law, which came into force in 2008, all hospital care for RTI victims is now free of charge [26] . The new law was implemented after our data was collected.
Data source and variables
This study utilized the Iranian National Trauma Registry Database (INTRD). The database includes data from 14 general hospitals affiliated to the Medical Universities in eight major cities in Iran (Tehran, for 13 months; Mashhad and Ahwaz for 7 months; and Shiraz, Tabriz, Qom, Kermanshah, and Babul for 4 months). The data was collected between 2000 and 2004 by trained physicians using a validated questionnaire, in accordance with the American College of Surgeons National Trauma Registry System and the National Trauma Data Bank. During the data collection period, a group of trained physicians visited trauma patients after the first 24-hours of their admission to the hospital (at emergency department or inpatient wards) and completed the questionnaires (i.e.: the database does not cover out-patients).
A total of 17,753 trauma patients were recruited, among them 8,356 patients with road traffic-related injuries. These patients were included in the current study. The data gathered included socio-demographic characteristics of the patients (including age, sex, occupation and education), pre-hospital care (including transportation type and duration and care provided), type and mechanism of injury, coded according to the International Classification of Diseases, 10th revision (ICD-10) a , Glasgow Coma Scale (GCS) and vital signs at the time of entering the emergency department, Injury Severity Score (ISS), diagnostic and therapeutic procedures, co-existing injuries, length of stay (LOS) in hospital and intensive care unit, patient's outcome (including discharge with recovery, death, short-term or long-term disabilities), total hospital charges for each patient and insurance type. Information such as sociodemographic, using safety equipment, insurance type were collected through interview with patients (or persons accompanying patients in case if the patient was too ill to report this information) and diagnostic information, LOS and the hospital charges (Iranian Rial-IRR) obtained from the patient's medical and accounting records.
INTRD have mainly been used in epidemiological studies on various types of trauma [27] [28] [29] . This is the first study using this database to investigate total hospital charges and LOS related to RTIs and factors associated with them. Total hospital charges and LOS have been used, as measures for resource utilization, by previous trauma studies [6, 7, 30, 31] . Total hospital charges are the amount billed by the hospitals for the services and do not reflect the actual medical costs for the injury, because of the governmental subsidies for hospital services and medicines and also discounts and exemptions for some patients given by the hospitals. The bill is issued before the patient discharge and comprises costs of all services the patient received (included items such as, hostel costs, diagnostic services, medicines, consultation fees, surgery,…) and included both patient and insurance company shares (if insured) of payments. Hospital charges were adjusted for inflation and converted to 2004 IRR using the consumer price index for health care in Iran from 2000 to 2004.
Moreover, the following information was extracted from the database: 1) socio-demographic status of patients; including age, sex, education, occupation and insurance status, 2) type of road users including pedestrians, car passengers or drivers, motorcycle riders, bicycle riders and others, 3) injury severity measures including GCS and ISS, 4) patient outcome measured by death in hospital and 5) use of safety equipment including helmet and seat-belt.
Data analysis
Initially, the mean and median LOS and total hospital charges were compared in sub-categories of patients' demographic and injury characteristics by using Mann Whitney U test (for dichotomous variables such as sex and insurance status) and Kruskal-Wallis test (for categorical variables such as education level, ISS, GCS, road user types, age group and occupation). Chi-Square and Mann-Whitney tests were used to compare the proportion of (in hospital) deaths and mean and median total hospital charges/LOS, respectively, among people who used safety equipment (helmet/seat-belt) and those who did not use safety equipment. A P-value of <0.05 was considered statistically significant.
Furthermore, multivariable regression analyses of hospital charges and LOS were conducted in order to identify the key predictors. Due to the skewed distribution of total hospital charges and LOS (outcome variables), they were log transformed. Multivariable regression was conducted separately for total hospital charges and LOS as dependent variables and age, sex, education, occupation, insurance status, ISS, GCS, road user types and death in hospital (and LOS for the model in which hospital charges was considered as dependent variable) as independent variables. A full model including all independent variables was initially estimated and then using a backward stepwise selection procedure, a final model including only those variables that had a statistically significant association with hospital charges or LOS was developed. The data were analyzed using SPSS software (version 13.0).
The study was approved by the Ethical Committee of the Sina Trauma and Surgery Research Center (STSRC). Informed consent was provided from all patients before they were enrolled in the study.
Results

Socio-demographics and injury characteristics of the study population
RTIs comprised nearly 50% (8,356 cases) of all traumatic patients admitted to the studied hospitals. The results showed that 78% of the patients were male (male-female ratio, 3.4) and the mean age was 30.75±18.1 (median, 26). The age group 15 to 29 years had most RTIs (41%) and most patients (50%) had elementary and intermediate education followed by those who were illiterate (22%). The majority, 59% of the patients, reported that they did not have any type of insurance ( Table 1) .
Most of the victims were pedestrians (41%). Only 5% of the car occupants had used seat-belts and the same low usage was shown for safety helmets. Five percent of the victims died in hospital. Moreover, the data showed that as many as 63% of the patients were transported to the hospital by means of transportation other than ambulance, and only 13% were transported by EMS ambulances ( Table 1 ). The average duration of transportation to hospital by an EMS ambulance, another ambulance or by other means were 2:46 (median 1:15), 6:31 (median 3:56) and 3:40 (median 1:00) hours, respectively.
Majority of the patients (53%) had an ISS of 1-7 and GCS of 88% of patients was 13-15 in the emergency department. The mean (median) ISS and GCS scores were 10 (5) and 14 (15) , respectively ( Table 2 ). Males had higher ISS than females. Mean ISS was higher among car occupants and pedestrians followed by other road users and motorcycle riders.
Total hospital charges and LOS
The mean total hospital charges for the patients were 1,115,819 IRR (SD=1,831,647 IRR, US$128± US$210). It ranged from 0 to 46,131,061 IRR (US$ 0-US$ 5,291). The mean LOS for the patients was 6.8 days (SD=8 days). LOS ranged from 1 day to 105 days, with a median of 5 days (Table 2) . Table 3 presents mean and median total hospital charges and LOS according to socio-demographic and injury characteristics of patients. Male patients had longer LOS (P=0.016) and higher hospitalization charges compared to women (P=0.010). Patients with a higher level of education had shorter LOS (P<0.001) and lower hospital charges (P<0.001) compared to those with lower education levels. There were no significant differences in LOS and hospital charges between different age groups. Patients with insurance stayed longer (P<0.001) and were charged more per hospitalization (P<0.001) compared to patients without any type of insurance. LOS and total hospital charges differed according to the occupation of the patients (P<0.001 for both LOS and total charges). Blue-collar and farmers had longer LOS compare with other occupational groups and retired had higher hospital charges than other groups. The differences in LOS and hospital charges for different road users were significant (P<0.001 for both LOS and total charges). Bicycle riders had the shortest LOS and the lowest hospital charges compared to other road users. There were significant differences in LOS and hospital charges between different ISS and GCS levels (P<0.001 for both LOS and total charges), indicating, as would be expected, that LOS and hospital charges increased by increasing injury severity. Patients who died in hospital had shorter LOS (P<0.001) and higher total hospital charges (P<0.001) than patients who survived. Multivariable analysis of total hospital charges ( Table 4 ) showed that being at older age, having higher ISS or lower GCS, being a bicycle rider and longer LOS were associated with higher hospital charges. At the same time, being pedestrian or being car occupant, compared with bicycle riders, was associated with lower hospital charges.
Multivariable analysis of LOS (Table 5) showed that being male, having lower education level, having a medical insurance, being a blue-collar, being pedestrian or motorcyclist, having higher ISS score or having lower GCS score were associated with longer LOS. In-hospital death and being retired were associated with shorter LOS ( Table 4 ).
Use of safety equipment (seat-belt/helmet)
Even though very few patients reported use of safety equipment, we conducted an analysis to compare death rates, mean LOS and total hospital charges among patients who used seat-belts or helmets with patients who did not use them at the time of the collision. The analysis showed that in-hospital death for patients who used a seat-belt was 3.4% (three patients) compared to 6% (92 patients) for patients who did not use a seat-belt, however this difference failed to attain statistical significance (p=0.480). None of the injured patients who used safety helmets died in hospital compared to 3% (81 patients) of those who did not use a helmet. This difference was statistically significant (p=0.021).
The results indicate that the difference in hospital charges and LOS between the patients who did not use safety helmets and the patients who used helmets was not statistically significant (p=0.089 and p=0.154). The same results was obtained for the patients who used a seat-belt and the patients who did not use a seat-belt (p=0.126 and p=0.223 for LOS and hospital charges, respectively) ( Table 3 ).
Discussion
To our knowledge, this is the first national study and among few studies in the literature to analyze the association between socio-demographic factors, injury characteristics, health outcome and hospital charges and LOS among patients with RTI. The findings showed that hospital charges and LOS associated with RTIs varied by age, gender, socio-economic status, injury characteristics, health outcome of patients, and type of road users.
Although the average hospital charges in this study were lower compared to reports from HICs [6] [7] [8] [9] 32] , the increasing number of RTIs and deaths in Iran, impose a huge economic burden on the Iranian society. During the years 2000 to 2004, nearly one million people were injured and more than 100,000 died due to traffic crashes in Iran [3] .
Local studies conducted in hospitals in Tehran city have reported LOS ranging from 5 to 7.8 for trauma patients in general [14, [33] [34] [35] , which is in line with the average LOS for RTI reported in this study. It is difficult to compare LOS between countries, due to variations in the organization of trauma care and differences in injury patterns and a comparison of our results with previous studies show conflicting results. The average LOS for RTI victims in the current study was similar to the results of one study done by Odero et al., measuring health care utilization among all types of injuries in one hospital in Indiana, USA [9] . On the other hand, the mean LOS in the current study was higher than in some other studies done in HICs [6] [7] [8] 32] and also in other LMICs [36] . In contrast, the average LOS for RTIs in the current study was lower than the average LOS for RTIs reported in Trinidad and Tobago [37] , Kenya [38] , Spain [39] , New Zealand [40] and Greece [41] . The mean total hospital charges, on the other hand, were much lower in the current study compared to studies conducted in HICs [6] [7] [8] [9] 32] . Some part of the lower hospital charges, compared with HICs, can be explained by the subsidized health care system and also the general low service costs in Iran. The findings showed that hospital charges and LOS varied with age, gender, socio-economic status, injury characteristics and health outcome of the patients. Consistent with previous knowledge [11, 33, 34, 42] , RTI victims in the current study were predominantly male (male-female ratio 3.4), mainly in productive age and from lower socioeconomic groups (both in terms of education and occupation). Men had longer LOS than women. The findings also showed that LOS decreased with increasing level of education. This result should be treated with caution since only 4% of the patients had university and higher level education. Shorter LOS in this group of patient might be explained partly by faster recovery due to self-care and better therapeutic compliance. In line with other studies [6, 7, 10] , patients with more severe injuries (higher ISS or lower GCS) had longer LOS and higher total hospital charges. LOS was, not surprisingly, a significant predictor of higher total hospital charges. This corroborates with other studies on the same topic in HICs [6, 7] . The findings also showed that being a blue-collar worker was associated with longer LOS. Based on the information in this study and previous studies in Iran [14, [33] [34] [35] , the severity of injury was higher among blue-collar workers (often characterized as lower socio-economic groups, and mainly vulnerable road users, such as motorcyclists or pedestrian, in the context of Iran) compared to white-collar and other occupation groups. Different pattern of injury among bluecollar workers compared with other occupation groups might contribute to longer hospitalization periods in this group.
An important finding of the current study was the low coverage of health insurances (more than half of the patients did not have any type of health insurance) and the significant effect of having insurance on hospital utilization. The findings showed that insured patients stayed longer in hospital compared to uninsured, after controlling with socio-demographic and injury-related factors. The findings support the conclusion that lack of health insurance coverage could be a barrier preventing or limiting access to care, although the limitations of the data do not allow conclusions as to whether those covered by health insurance had better health outcomes or have access to better quality care than those not covered. Another explanation for this result can be supplier-induced demand in hospital sector in the country. Similar results were found in two studies in the US, demonstrating that uninsured or selfpaying children were charged less and had shorter LOS than children covered by Medicaid [6, 7] . On the other hand, a study conducted in Guadalajara, Mexico, indicated lower hospital costs for insured patients [43] . Insurance status has also been shown to be an important factor influencing utilization of health care services in general in Iran [22] . A new law was approved in Iran in 2008 (after the study period of the current study), which meant all hospital care for RTIs victims became free of charge. The effect of the new law has not been evaluated yet and further studies are needed to investigate the effect of the new law on hospital charges and LOS (and in general, resource burden) among RTI victims and also the effect of insurance on other types of traumas. Studies have shown that patients who died during hospitalization incurred significantly higher hospital charges (mainly due to utilizing expensive intensive care during their hospitalization) but shorter LOS compared with patients who survived their injuries [6, 7] . The findings from the current study indicated that the patients who died in hospital had shorter LOS compared to those survived and there was no significant difference in total hospital charges between two groups, after controlling for other factors in the multivariable model.
The findings also showed that total hospital charges and LOS varied based on type of road users. Compared with other road users, being a pedestrian was associated with lower hospital charges but longer LOS. Longer LOS for pedestrians has also been reported in previous studies [40, 44] . The pattern of injury sustained by pedestrians (including head, spinal and lower extremity injuries), compared with other road users, could, to some extent, explain their longer hospital stay. Bicycle riders had higher hospital charges (but shorter LOS compared with other road users). This could be explained by higher risk of head injuries among cyclists resulting in expensive diagnostic and therapeutic procedures.
The findings indicated that use of safety equipment among the patients was very low and it did not have a significant effect on hospital charges and LOS. A new law making compulsory the use of seat-belts (for drivers and front seat passengers) and motorcycle helmets was introduced in 2001 in Iran, but based on the findings of the current study and a few other studies [13, 14, 33, 35] , the use of helmets and seatbelts seem to be exceptionally low. However, figures from recently published studies have shown an increase in the rate of seat-belt use among car occupants [45, 46] . Research show that increased enforcement is one of the most effective methods to increase usage of safety equipment [1] . Since 2005 several interventions, including law enforcement of seat-belt and helmet use, have been implemented by the Traffic Police in Iran [47] , however the effect of these intervention on usage of safety equipment has to be studied further
The positive effect of safety helmets and seat-belts on reducing fatal injuries is well-documented [1] . The findings of the current study that none of the patients who had used safety helmets died in hospital compared to 3% of those who had not used helmets and this difference was statistically significant. Previous studies have shown that not wearing a safety helmet or seat-belt is associated with higher hospital charges and longer LOS [16] [17] [18] [19] . However, the results of the current study showed no significant differences in hospital charges and LOS among the patients, who did not use safety helmets and seatbelts and those who used. These findings could be explained by the small number of patients who had used safety equipment in the country.
Another important finding of this study was that the majority of patients were transported to the hospitals by means of transport other than ambulances. Low usage of EMS ambulances has also been reported in other studies in Iran [14, 34, 48] . In addition, the average pre-hospital transportation time reported in the current study was longer than the reported time in previous studies in urban areas of Iran [34, 49, 50] . Two out of three studies [49, 50] which have investigating pre-hospital transportation time in Iran have measured only EMS ambulances transportation time (with average 10 and 18 minutes, recorded by EMS personnel), and one study [34] reported the average time for all transportation means (2 hours, reported by the patients). The transportation time in the current study was based on self-reports and it might have led to an over-estimation of the time. Moreover, since most patients admitted to the hospital in this study and previous studies in Iran [33, 34] had moderate injury severity (low ISS and high GCS), it can be concluded that many severely-injured patients die before reaching the hospital due to more severe crashes, long pre-hospital transportation time and, insufficient pre-hospital trauma care facilities [13, 51, 52] .
INTRD is the largest trauma registry database in Iran, but it has some limitations that may affect the findings of this study. First, the database is hospital-based and might not be representative of the pattern of RTI in general. Second, the database excluded the patients who stayed at the hospital less than 24 hours. These patients may have received care at the ED and have been discharged or died in the ED (or before reaching the hospital) because of the severity of their injuries. Excluding these patients from the database may affect the results of the study by underestimating LOS and hospital charges and in general the burden of RTI. Third, total hospital charges are billed charges and do not reflect actual payments nor true hospital costs due to factors such as government subsidies to hospital services and medicines, discounts and exemptions given to some patients by the hospitals and also not including all out-of-pocket payments by the patients. Moreover, the non-medical direct costs such as transportation costs and the indirect costs related to lost productivity, as well as the costs associated with the pain and suffering by victims and relatives are not included. Measuring these costs, although important, was beyond the scope of this study. Fourth, information such as pre-hospital transportation time and use of safety equipment (safety helmet/seat belt) are selfreported. Therefore these two variables could be overestimated, the first one because of recall bias and the second one based on false claims (to avoid legal consequences). Moreover, in cases when the patient was too ill to report this information, it was supplied by the accompanying person, which may have led to misreporting.
Despite these limitations, the findings demonstrate a significant morbidity and resource burden associated with RTIs. By describing epidemiology, hospital charges and LOS based on different socio-demographic groups and based on outcome and injury-related characteristics of patients, the findings of this study can be used for developing interventions to improve quality of care and outcome of the patients and also help to design targeted prevention measures. Primary prevention is the preferred means of reducing the impact of RTIs on the health sector, families, and society. Use of evidence-based interventions such as increasing use of safety equipment through law enforcement and public education can be enhanced in the context of the study in order to decrease traffic-related mortality and morbidities.
Conclusion
The study demonstrated that the hospital charges and LOS associated with RTI varied by age, gender, socioeconomic status, injury characteristics and health outcome of the patients. This study showed that a majority of the patients were not insured and these patients have lower LOS than insured patients. Other important findings that need to be addressed in future research are the low usage of safety equipment and of EMS ambulances. The results of the study provide information that can be of importance in the planning and design of road traffic injury control strategies.
Endnote a ICD-10 codes related to RTIs (fatal and nonfatal) included in the database: V02-V04 (0.1, 0.9), V09 (0.2, 0.3, 0.9), V12-V14 (0.3-0.9), V19.4-V19.6, V20-V28 (0.3-0.9), V29-V79 (0.4-0.9), V80.3-V80.5, V81.1, V82.1, V83-V86 (0-0.3), V87.0-V87.8, V89.2, V89.9.
